The accumulation of radionuclide in plant tissues can be estimated using a mathematical model, however the applicability of the model into field experiment still needs to be evaluated. A model validation has been conducted for radiocaesium transfer from soil to two leafy vegetables generally consumed by Indonesian people, i.e. spinach and morning glory in order to validate the transfer model toward field experimental data. The vegetable plants were grown on the soil contaminated with 134 CsNO 3 of 19 MBq for about 70 days. As the control, vegetables plant were also grown on soil without 134 CsNO 3 contamination. Every 5 days, both of contaminated and un contaminated plants were sampled for 3 persons respectively. The soil media was also tested. The samples were dried by infra red lamp and then the radioactivity was counted using gamma spectrometer. 
INTRODUCTION * * * *
After Chernobyl nuclear power plant accident in 1986 and several nuclear weapon tests conducted by many countries, radiocaesium becomes an interesting radionuclide in the environment due to their atmospheric dispersions all over the world and the relatively long half life (30.17 years and 2.05 years for 137 Cs and 134 Cs respectively). The dispersed radiocaesium can contaminate terrestrial environment and enter the food chain [1] [2] [3] . The critical radionuclide pathways from the source point to human is: soil -plant -human, hence for nuclear safety assessment, especially for public dose estimation, the radionuclide transfer from soil to plant is interesting. * Corresponding author. E-mail address: sukma23@batan.go.id Radiocaesium in contaminated soil will be uptaken by plants through the roots, and accumulated in plants tissues that can be consumed by people. Plants have an ability to accumulate element from the soil, including radionuclide, so the concentration of the element in plants much higher than that in soil. This ability is expressed as bioconcentration factor or transfer factor, which is defined as ratio of element concentration in plant tissue to that in soil medium after equilibrium condition had been reached [3] . The bioconcentration factor is calculated for edible part, i.e. leaves, fruits, or tuber.
Bioconcentration factor can be presented as empirical equation (1 1 (2012) 43 -49 C 1 : radionuclide concentration in soil (Bq/gram) C 2 : radionuclide concentration in tissues (Bq/gram).
Radiological impact due to radionuclide release to the environment can be evaluated using a mathematical model [4, 5] . In this model, the radionuclide pathway from release point to human is illustrated as radionuclide transfer among several environmental components, expressed as transfer parameter. Using mathematical model the accumulation of radionuclide in plant tissues can be estimated. To ascertain the mathematical model application of radionuclide from soil to plant transfer, a validation of mathematical model to field or experimental data was conducted. The transfer parameter data of two vegetables plant generally consumed by Indonesian people, i.e. morning glory and spinach, were used in this model validation.
THEORY
The pathways of radionuclides from the source point until contaminate human body is expressed as radionuclides transfer inter environmental compartments. In soil to plant radionuclide transfer model, soil and plant were assumed as single sub system. The soil is central sub system and the plant is recepient sub system as described in Fig. 1 .
In this model, an approximation is taken that during t = 0 there is no radionuclide in plant, so the entire radionuclide is in central subsystem. Mathematically, the soil to plant radionuclide transfer and the opposite is formulated by Yasuda [4] and Maltz [6] , as below: [4, 7, 8] . The equation (2) and (3) become:
The multiplication between radionuclide concentration in soil (Q 1 ) with soil mass, and also between radionuclide concentration in plant (C) with the dried mass of plants resulting plant radioactivity. The differential equation of (6) and (7) can be solved using analytical method so it was found to be [6] ,
EXPERIMENTAL METHODS

Field experiment
The soil used in this experiment was clay loam soil from Nuclear Technology Center for Materials and Radiometry (PTNBR) site with the characteristics are as shown in Table 1 solution so the final concentration of 134 Cs in the soil medium was about 50 -80 Bq/g.
One hundred vegetable plantlets for each vegetable plants, spinach (Amaranthus spinosus) and morning glory (Ipomoea aquatica), were planted in the contaminated soil and uncontaminated soil as control, respectively, and maintained until about 70 days. Every 5 days three plants were sampled together with the root zone soil. The plant samples were washed and separated into roots, stems, and leave. The plant and soil samples were then dried using infra red lamp until constant weight, gained at about 30 hours. The radioactivity of the dried samples were then measured using gamma spectrometer for 300 seconds and the radioactivity of the 134 Cs in the samples were evaluated at the energy of 604.7 keV. 
Model validation
From the field experiment, the 134 Cs radioactivity of soil and plant were obtained. Those data were compared with the 134 Cs radioactivity of soil obtained from calculation, with the assumption that the radioactivity decrease in soil was attributed by physical decay and plant uptake, such as shown in equation (10) . The absorption rate of 134 Cs from soil to plant (k 12 ) was determined according to A 1 and A 1(0) correlation as formulated in equation (8) and (9) . The A 1(0) is initial 134 Cs radioactivity in soil, whereas the A 1 is 134 Cs radioactivity in soil after (t) days. Based on the experimental results, the k 12 was determined for two phases, the first is determination of k 12 using linear function between ln(A 1(0) /A 1 ) versus t. The k 12 value is the slope of the linear curve formulated by Birkes, D [9] as below : 
RESULTS AND DISCUSSION
The measurement results of 134 Cs radioactivity in soil and plant samples were shown in Table 2 and 3 for spinach and morning glory, respectively. Radioactivity of 134 Cs in stems and leaves were detected on 15 th days after planting for spinach, whereas for morning glory, the 134 Cs radioactivity were detected on 5 th days in stems and 15 th days on leaves. As can be seen in both Table 2  and 3, the 134 Cs radioactivity were decreased in soil with the increase of radioactivity in plant organs until 78 days after planting on contaminated soil. For spinach, the 134 Cs radioactivity were increased according to the exposure time until day 55, and after that the radioactivity of plants were decreased, as shown in Fig. 2 . For morning glory the 134 Cs radioactivity in plants organs were fluctuated, but tend to be increased according to the exposure time until day 76 (Fig. 3) . Table 2 and Fig. 2 , the absorption rate of 134 Cs from soil to spinach (k 12 ) was determined using equation (8) (9) (10) (11) (12) . For this plant, the k 12 value of the first phase is applied for the time range of t = 0 to t = 55 (Fig. 2) , whereas the k 12 value of the second phase was determined for time range of day 55 to day 78. The calculated k 12 values of 134 Cs transfered from soil to spinach are, 1.82 x 10 -5 / day for 0<t<55 days and 1.26 x 10 -5 / day for t>56 days. The k 12 value of 134 Cs transfer from soil to morning glory was also calculated for one phase using equation (8) (9) (10) (11) (12) , and it was obtained to be 9.93 x 10 -7 /day. The coefficient of soil to plant transfer rate is varied for each plant species, influenced by metabolism of the plant. Spinach have higher transfer rate than morning glory since each plant species have their own specific physiological characteristic [10] . According to Zhu [10] , spinach plant (Amaranthaceae family) is a caesium accumulator.
Model validation
The validation of the model was carried out to compare the 134 Cs accumulation in edible parts of plant (leaves and stems) obtained by experimental measurement with that of mathematical calculation. In the model validation, the k 12 value obtained by experimental measurement data were substituted to the equation model (9) to calculate the 134 Cs radioactivity in the plant. Using the equation (9) , the 134 Cs radioactivity in plant can be calculated for each sampling time and the calculation results are listed in Table 4 and 5, and plotted in Fig. 4 and 5. Cs activity in edible part of spinach data compared to the calculation results. In Fig. 4 and 5 the 134 Cs radioactivity curves obtained from model analysis shows smooth curve, whereas the 134 Cs radioactivity in plant obtained from experimental measurement shows fluctuation phenomenon. However, this fact can be understood since in the mathematical model, the complexity of plant physiology doesn't take into account [1, 4] . The relationship between the 134 Cs radioactivity in plant obtained from experiment and from mathematical calculation is evaluated by correlation coefficient determined using equation (13) [9] . 
The mathematical model of 134 Cs transfer from soil to spinach plant is as shown in equation (16) 
